Abstract -In hot conditions and with various parameters, it has been found several cracks and wear in the hot rolling process due to several factors including von mises stress and plastic strain which is affected by the size of the roller diameter and thickness of the specimen. Modeling and optimization using Response Surface Methodology (RSM) are chosen in this study to determine the optimum parameter design. The effect of roller diameter and thickness of specimens on equivalent stress von mises and plastic strains on the hot rolling process were studied using RSM. Central Composite Design (CCD) with two factors and three levels which are part of the RSM used to present mathematical models. Based on the results of RSM the optimum value obtained is on the roller diameter of 577.1389 mm and the thickness of the specimen 8.5786 mm.
Introduction
Metal rolling is a process to reduce the thickness or cross-sectional area of a metal or work piece, bypassing the workpiece on a rotating roller. Hot rolling is a rolling process that is carried out when above the recrystallization temperature. A workpiece that passes through a rotating roller will experience surface stress and shear stress. Deformation of this process will cause the workpiece to increase in length, while the cross-sectional area or thickness will decrease. Hot rolling is also influenced by several parameters, such as stress, strain, stress rate, strain rate, reduction ratio, roller speed, a coefficient of friction, etc [1] .
Furthermore, residual stresses can arise due to non-uniform deformation processes. Residual stresses usually occur on plates or sheets. The smaller the diameter of the roller the less the thickness reduction, this is due to the tendency to undergo plastic deformation on the surface of the plate or sheet. This condition causes residual compressive stresses on the surface and causes tensile stresses in or middle of the plate. Conversely, if the roller diameter used is large and the reduction of thickness is also large, there will be a tendency for deformation in the center of the plate. This occurs because of high friction due to the larger contact area of the large roller diameter. Higher friction causes the residual stress distribution in large rollers to be opposite to the residual stress distribution in the small rollers. Deformation in the hot rolling process can result in defects, such as center burst, surface cracking, alligatoring, and edge cracking.
Finite Element Method (FEM) is one of the most widely used numerical methods in the world of engineering. FEM is widely applied to start from stress and deformation analysis in the fields of building structures, bridges, aviation, automotive, and there is fluid flow analysis, heat transfer, magnetic fields, and other non-structural problems. RSM is an optimization method to see the effect of the independent variable (x) on the response (y) by combining mathematical and statistical algorithms. From this method, it will obtain the optimum value of the variable x.
In addition, [2] (Shailendra Dwivesi, 2017) observed that percentage of reduction and roller diameter play is an important role in mechanical behavior. The result shows that higher reduction in slab thickness by small diameter may produce the damage. Then, [3] (Bashishth Kumar Kushwaha, 2017) predicted equivalent stress and a plastic strain of hot rolling by varying the coefficient of friction and speed of the roller to see the quality of the product produced using FE 3D software. However, [4] (Anikesh Tripathi, 2014) predicted the parameters of the hot rolling process by varying the coefficient of friction, roller diameter, and thickness of the plate. This study uses FE 2D software to see the effect of process parameters on equivalent von mises and plastic strains. [5] (Ali Heidari, 2011) optimizes the cold rolling process parameters with the chattering phenomenon using the Taguchi, ANN, and RSM methods.
The main purpose of this study is to see the effect of roller diameter and thickness of specimens on A36 Structural Steel during the hot rolling process with the help of FE 3D software. RSM was used in this study to determine the relationship of independent variables with responses. With this method, we will get the optimum value for each parameter of the rolling process systematically.
Methodology of Research

Material
The material chosen for the specimen is A36 structural steel is chosen because it is commonly used as standard construction material. Table 1 shows the Material properties of A36 structural steel. 
FEM
ANSYS 18.1 is software used to model simulation with finite element method. A rolling model was developed to simulate the process of hot rolling of A36 structural steel bar and rollers with structural steel material using ANSYS 18.1 software. The geometry parameters of the hot rolling process varied are the diameter of the roller and the thickness of the specimen. The FEM geometry model and the rolling process are shown in Figure 1 .
Fig. 1. FEM Model
RSM Design
Response Surface Methodology (RSM) is a combination of mathematical techniques and statistical techniques used to model and analyze a response that is influenced by several independent variables / factors x in order to optimize the response. The relationship between response y and x independent variables is:
Where: Y = response variable Xi = independent variables/factors (i = 1, 2, 3, ..., k) ε = error The next step is to find the relationship between factor x and response y through the second order polynomial model and quadratic function, or better known as the second order model:
The second order experimental design used is a 3k factorial design (Three Level Factorial Design), which is suitable for optimization problems. Then from the second order model is determined the stationary point, surface response characteristics and the optimization model. The variables and levels in this experiment include: 1. Response variable (y), namely: Equivalent stress von mises and plastic strains 2. Independent variable/factor (x), namely: roller diameter and thickness of a specimen 3. The level used in each parameter, namely:
• High level (+1): Roller Diameter (700 mm) and Specimen Thickness (250 mm)
• Middle level (0): Roller Diameter (500 mm) and Specimen Thickness (150 mm)
• Low level (-1): Roller Diameter (300 mm) and Specimen Thickness (50 mm) The coding level and the level value of the variables that exist in the design of the second order experiment can be seen in Table 2 . Table 2 shows the experimental design using central composite design (CCD) on the RSM method with 2 factors and 3 levels produces 13 design designs that will be simulated using Ansys to determine the value of the response variable (Equivalent von mises stress voltage and plastic strain). The correlation coefficients generated from equation 4 are R-sq = 0.9887 and R-sq (adj) = 0.9807. This shows that the second-order model of mathematical equations for plastic strains can explain the relationship of variable x and response y to 98.87%
Second-order model for Equivalent Von Mises Stress and Plastic Strain
Analysis of Variant (Anova)
Anova is a statistical method used to determine the significance of the model. The results of Anova are shown in Table 3 and Table 4 . This analysis uses 95% confidence level and 5% error tolerance. Therefore, the smaller the P value, the more significant the effect of the x-factor on the response y. Table 3 shows the P value of the model is 0,000, this shows that the model for equivalent stress von mises has a significant effect. The parameter that most influences Equivalent von mises stress is the thickness of the specimen with the value F of 121.01 and the P value of 0.000. Table 4 also shows if the model has a significant effect on a plastic strain. The parameter that most influences the plastic strain is the thickness of the specimen with an F value of 359.21 and a P value of 0.000. P value less than 0.05 indicates that the parameter has a significant effect on the response (a) (b) Fig. 2 
. Normal Probability Plot on (a) Equivalent Von mises Stress and (b) Plastic Strain
Normal probability plot for equivalent von mises stress and plastic strain is shown in Figure 2 . Kolmogorov-Smirnov (KS) value on normal probability plot equivalent stress von mises is 0.284, while the KS value for a plastic strain is 0.339. Figure 3 shows the plot of the surface of the Equivalent von mises stress response and the plastic strain on the roller diameter and thickness of the specimen. From this graph, there is an interaction between specimen thickness and roller diameters with Equivalent von mises stress and plastic strain. From Figure 4 it can be concluded that the optimum parameter design is a roller diameter of 577.1389 mm and a specimen thickness of 8.5786 mm. From the optimum parameter design, minimum equivalent von mises stress value is 269,5663 MPa and minimum plastic strain is 0,0011 mm.
Conclusion
• The most influential parameters for equivalent von mises stress are specimen thickness with a contribution percentage of 48.15%, followed by roller diameter with a contribution percentage of 21.63%. For plastic strains, the most influential parameter is specimen thickness with a contribution percentage of 53.85% followed by roller diameter with a contribution percentage of 15.38%.
• The second-order model mathematical equation developed for equivalent stress error estimates of von mises and plastic strains with correlation coefficients is 0.9721 and 0.9887.
• Response surface plot shows that the optimum parameter design is roller diameter and specimen thickness is 577,1389 mm and 8,5786 mm.
• From the optimum parameter design, the minimum equivalent stress value of von mises is 269,5663 MPa and the plastic strain is 0.0011 mm.
